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WO 98/19628 PCT/US97/18201 
5 when there is an eccentric lesion at the bifurcation site, asymmetric expansion can cause either 
plaque shifting or dissection at the side branch origin. There are reports of attempting to solve 
this problem by inserting a balloon into the side branch through the stent struts; however, this 
technique carries the risk of balloon entrapment and other major complications (Nakamura, S. et 
al„ Catheterization and Cardiovascular Diagnosis 34: 353-361 (1995)). Moreover, adequate 
10 dilatation of the side branch is limited by elastic recoil of the origin of the side branch. In 

addition, the stent may pose a limitation to blood flow and may limit access to the side branch. 
The term "stent jail" is often used to describe this concept. In this regard, the tubular slotted 
hinged design of the Palmaz-Schatz intracoronary stent, in particular, is felt to be unfavorable for 
lesions with a large side branch and it is believed to pose a higher risk of side branch vessel 
1 5 entrapment where the stent prevents or limits access to the side branch. Id. 

One common procedure for implanting the endoprosthesis or stent is to first open the 
region of the vessel with a balloon catheter and then place the stent in a position that bridges the 
treated portion of the vessel in order to prevent elastic recoil and restenosis of that segment. The 
angioplasty of the bifurcation lesion has traditionally been performed using the kissing balloon 
20 technique where two guidewires and two balloons are inserted, one into the main branch and the 
other into the side branch. Stent placement in this situation will require the removal of the 
guidewire from the side branch and reinsertion of the guidewire via the stent struts and insertion 
of a balloon through the struts of the stent. The removal of the guidewire poses the risk of 
occlusion of the side branch during the deployment of the stent in the main branch. 
25 Prior art patents refer to the construction and design of both the stent as well as the 

apparatus for positioning the stent within the vessel. One representative patent to Chaudhury, 
U.S. Pat. No. 4,140,126, discloses a technique for positioning an elongated cylindrical stent at a 
region of an aneurysm to avoid catastrophic failure of the blood vessel wall. The '126 patent 
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5 end of the stent, and a main stent comprising at least one substantially circular opening located 
between its proximal and distal ends. For ease of visualization, both the flared stent and the main 
stent may be comprised of materials which are imageable, or the stents of the invention may be 
"marked" at the ends with an imageable substance and the main stent may also be marked at any 
opening. At least one flared stent may be extended through at least one opening of the main stent 
10 into at least one branch vessel for treating bifurcated or branched lesions, or the stents of the 
invention may be inserted individually for the treatment of ostial lesions, or lesions near 
bifurcations requiring a stent in either the main or the branch vessel with unobstructed access to 
the unstented vessel in the bifurcation. The methods of the invention comprises a two-step 
process used to deploy both the main and the flared stent in a bifurcated vessel, or to deploy the 
1 5 main stent only within a bifurcated vessel. 

The stent apparatus of the invention may be constructed from any non-immunoreactive 
material that allows the apparatus to be expanded from an initial shape to a shape which 
conforms to the shape of the vessel or vessels into which the apparatus is inserted, including but 
not limited to any of the materials disclosed in the prior art stents, which are incorporated herein 
20 by reference. It is hypothesized that the stent apparatuses of the invention may further be 

constructed of a substance which is observable by imaging methods including but not limited to 
magnetic resonance, ultrasound, radio-opaque or contrast-dye, or may be marked at certain 
points including but not limited to the ends and around any opening or flared portion in a stent of 
the invention, with a material which is discemable by imaging methods as described above. 
25 A stent constructed in accordance with the invention is suitable for implantation into any 

vessel in the body, including but not limited to vessels in the cardiac system, the peripheral 
vascular system, the carotid and intracranial vessels, the venous system, the renal system, the 
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WO 98/19628 PCT/US97/18201 
5 FIG. 6f is a schematic depiction of the fully dilated main stent and the fully positioned flared 
stent, where the flared stent is being dilated by inflation of the balloon 
FIG. 6g is a schematic depiction of the fully dilated bifurcating double stent of die invention, 
positioned into the bifurcation in a subject vessel. 

The rectilinear matrices shown in the drawings are intended to show the shapes of the 
10 surfaces only, and do not illustrate the actual surface patterns or appearances of the stent 
apparatuses of the invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The bifurcating double-stent apparatus 10 of the present invention comprises a generally 
15 cylindrical main stent 12 and a generally cylindrical flared stent 15, which are shown as fully 
dilated in a subject main vessel 8 and a subject branch vessel 7, as illustrated in FIG. 1. 

The main stent 12 contains at least one generally circular opening 16 located between the 
proximal end 26 and the distal end 28 of the main stent 12 (FIG. 2), which opening is positioned 
over the opening 48 of a branch vessel in a vessel bifurcation 50, as shown in FIG. 2. The ends 
20 of the stent 12 and the opening are imaged during imaging procedures by placing markers 56 

around the edges of the opening 16 in the main stent 12 and at the proximal end 26 and distal end 
28 of the main stent, as illustrated in FIG. 4. 

The flared stent apparatus 15 of the present invention comprises a generally cylindrical 
flared stent comprising a proximal end 30 and a distal end 32, as shown in FIG3. The proximal 
25 end 30 comprises a flared portion, illustrated here as extended loops 18, which flared portion, 
when dilated, is positioned within the lumen 58 of the main vessel 8 (FIG. 3). The ends of the 
flared stent 15 and the flared portion 18 are imaged during imaging procedures by placing 
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5 The inventive two-stage method for implanting the novel bifurcating double-stem 

apparatus 10 begins with insertion of the main guidewire 20 into the subject main vessel 8 and 
across the bifurcation 50. Once the main guidewire 20 is in position in the main vessel 8, the 
main stent 12 is mounted around a catheter 48 (which may also comprise a balloon 24), and the 
catheter 48 and stent 12 are inserted into the main vessel 8. The stent 12 is positioned so that the 
10 opening 16 is directly over the bifurcation point 50 in the subject vessel (FIG. 6a). In order to aid 
such positioning, a side branch guidewire 36 and a stabilizing catheter 44 (as depicted in FIGS. 5 
and 6) are also inserted through the opening 16 of the main stent 12 and into the branch vessel 7 
(FIG. 6a). 

In an alternative embodiment of the method of the invention, the main stent 12, the 
15 catheters 44 and 48 and the side branch guidewire 36 may be assembled in advance of insertion 
(with the stabilizing catheter 44 and the side branch guidewire positioned through the opening 16 
of the main stent) into the subject, and then inserted into the bifurcation point 50 in the main 
vessel 8 simultaneously, after which the side branch guidewire 36 and the stabilizing catheter 44 
are threaded into the branch vessel 7 in order to properly align the opening 16 in the main stent 
20 12 (FIG. 6a), 

To affix the main stent 12 in the desired position within the vessel 8, the stent 12 may be 
dilated by inflating the balloon 24 until the main stent 12 is in contact with the walls of the vessel 
8 (FIG, 6b). Once the main stent 12 is dilated, the catheters 44 and 48 are withdrawn, leaving 
the fully positioned main stent 12 and the main guidewire 20 in the main subject vessel, and the 
25 side branch guidewire 36 in the subject branch vessel (FIG. 6c). 

In the second stage of the method of deploying the bifurcating double-stent of the 
invention, the flared stent catheter 54, containing the compressed flared stent 15 in a protective 
sheath 34 and which may further contain a balloon 25 disposed around the flared stent catheter 

11 
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WO 98/19628 PCT/US97/18201 
portion to fully expanded and the flared stent 15 is further advanced with the proximal end of the 
catheter until the unfolded hooks 18 are in contact with the walls of the subject vessel. 

All the stents of the invention may be deployed using the methods of the invention 
without resort to a balloon catheter. For example, a self-expanding compressed stent contained 
within a protective sheath could be self-dilated by retraction of a protective sheath. Other 
methods of dilation of the stents of the invention may exist, or may become available in the 
future, and such methods are contemplated as being within the scope of this invention. While 
this example used self-unfolding loops to demonstrate one means of creating a flared portion, any 
other means of creating a flare, such as but not limited to creating a roll in the stent material 
which is then compressed, is contemplated as within the scope of this invention. 

It is the intent that the invention include all modifications and alterations from the 
disclosed embodiments that fall within the scope of the claims of the invention. 
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5 We claim: 

1 . An extending double-stent apparatus for placement in a bifurcating vessel comprising 

a first generally cylindrical stent having sides extending between first and second opposing ends 
and at least one opening being defined in a side; and a second generally cylindrical stent adapted 
to extend through one of said side openings of said first stent, said first and second stents each 
10 being constructed from a material which allows said stents to be expanded to conform to the 
shape of the subject vessel. 

2. The stent apparatus of Claim I wherein said second cylindrical stent additionally 
comprises a proximal end and an opposing distal end, wherein the proximal end additionally 
comprises a flared portion, which flared portion is in contact with the edges of said first stent side 

15 opening. 

3. The stent apparatus of Claim 1 wherein the stent apparatus is comprised of a biologically 
acceptable material. 

4. The stent apparatus of Claim 1 wherein the stents comprise a self-expanding material. 

5. The stent apparatus of Claim 1 wherein the stents comprise a balloon-expandable 
20 material. 

6. The stent apparatus of Claim 1 wherein at least a portion of the stents are imageable 
during and after insertion. 

7. A generally cylindrical stent apparatus comprising a proximal end and a distal end, 
wherein the proximal end further comprises a flared portion for anchoring said stent apparatus 

25 into place within a vessel. 

8. The stent apparatus of Claim 7 wherein the flared portion is expandable from a 
compressed position to a configuration extending radially, at least in part, to the longitudinal axis 
of the stent apparatus. 
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